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MICROELECTRONIC VACUUM TRIODE 
STRUCTURE AND METHOD OF 

FABRICATION 

This is a division of application Ser. No. 07/924.814 ?led 
Aug. 4. 1992. 

BACKGROUND OF THE INVENTION 

This invention relates to the ?eld of vacuum microelec 
tronic devices and their manufacture. In particular. in one 
embodiment the present invention provides an improved 
method and structure for a vacuum microtn'ode device using 
standard semiconductor fabrication techniques. 
Vacuum tube and integrated circuit devices and their 

fabrication have been well known for many years. Recently. 
techniques originally used for fabrication of integrated cir 
cuit devices have been applied to make miniaturized vacuum 
mbe devices. This new technology is referred to as “vacuum 
microelectronics.” Vacuum microelectronic devices o?‘er 
several advantages over traditional integrated circuit 
devices. Since a vacuum is an ideal electron transport 
medium. electrons travel at a higher speed increasing the 
device switching speed. Also. since there is no scattering 
medium to impede electron transport. there is no heat 
produced as in traditional integrated circuits. An additional 
advantage of vacuum microelectronic devices is their rela 
tive temperature and radiation insensitivity compared to 
traditional integrated circuit devices. Also. since no active 
junction regions exist. there is no associated parasitic capaci 
tance and the semiconductor medium used for processing 
vacuum microelectronic devices does not need to be as of 
high a quality as used in traditional integrated circuit 
devices. decreasing manufacturing costs. 

Although several types of vacuum microelectronic device 
structures and processing methods have been proposed. no 
proposed method or structure has resulted in a high density. 
easy to manufacture structure. As of this date vacuum 
microelectronic devices are not generally commercially 
available. 

In particular. processes currently being utilized to produce 
vacuum microelectronic devices have been plagued by pro 
cess control problems. For example. the process described in 
the article “Development Toward The Fabrication of 
Vacuum Microelectronic Devices Using Conventional 
Semiconductor Processing” by Zimmerman et a1. describes 
an inverted wedge emitter structure fabricated from a cus 
ping mold. The emitter structure is produced by depositing 
silicon dioxide of precise thickness into an etched cavity of 
particular dimensions. Cusp formation is dependent on the 
thickness of the deposited silicon dioxide and the aperture 
depth and width. Because a small change in the aperture 
depth and width results in a large change in thickness of the 
silicon dioxide layer at the cusp apex. controlling the cusp 
formation and characteristics of the cusp is di?icult. The 
aforementioned paper reported processing problems and did 
not report fully functional results at the time of publication. 
The paper “Field-Emitter Arrays for Vacuum Microelec 

tronics” by C. A. Spindt et al.. and US. Pat. No. 4.721.885. 
“Very High Speed Integrated Microelectronic Tubes.” to 
Brodie both describe ?eld~emitter arrays with molybdenum 
cones as emitters and molybdenum gates. The molybdenum 
cones and gates are formed by sputtering molybdenum on a 
substrate. Although these references report functional 
devices. the devices are operational only at relatively high 
voltages (>20 volts). The devices described in the Spindt 
article and the Brodie patent do not readily lend themselves 
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2 
to the low voltage operation used in current VSLI or ULSI 
devices. High voltage potential in the prior devices is 
required due to the relatively large emitter tip radius’ (200 
131-500 A) produced by currently reported microelectronic 
triode devices. In addition. these devices do not lend them 
selves to large scale integration of components as is common 
in planar semiconductor technology. 
A microtn'ode device having a reduced emitter tip radius 

which is easy to manufacture is needed to produce vacuum 
microelectronic devices operable at voltages below 10V. 

SUMIMARY OF THE INVENTION 

An improved vacuum microelectronic device is disclosed. 
The invention provides devices which have improved 
performance. reduced size. and/or which may be fabricated 
more simply. The device has a triode structure which 
includes an emitter. a grid and an anode. The device is 
comprised of a ?rst polysilicon layer having hornlike pro 
trusions forming the emitter of the device. a ?rst insulating 
layer separating the ?rst polysilicon layer from a second 
polysilicon layer that forms the grid of the device; a second 
insulating layer separating the second and third polysilicon 
layers. A portion of the ?rst insulating layer. the second 
polysilicon layer. and second insulating layers are removed 
to form a grid aperture region positioned directly above the 
hornlike protrusion of the emitter. A cavity exists between 
the grid aperture region and a third polysilicon layer. The 
cavity is evacuated to form the vacuum region of the device. 

According to one aspect of the invention. an improved 
method of emitter formation is disclosed. The emitter struc 
ture is formed from a patterned layer of doped polysilicon or 
refractory metal silicide. The emitter is formed by oxidizing 
either or both edges of the patterned polysilicon line. Since 
silicon oxidizes more slowly on external corners than on ?at 
edges. a polysilicon edge during oxidation will transform 
into a “horn-like" projection having a tip radius on the order 
of approximately 50 A. This method of emitter formation 
has several advantages over previous processes. 

First. the emitter tip radius is primarily dependent upon 
the oxide growth. a parameter which is a easily controllable. 
Oxide growth may be easily changed in a controlled manner 
by varying the ambient. time and temperature in a di?usion 
furnace. In addition, the tip radius of the emitter 
(approximately 50 A) is smaller than structures formed by 
metal sputtering or thin ?lm deposition techniques. The 
smaller tip radius enables device operation voltages to be 
reduced to below 10V. Another advantage of the aforemen 
tioned method is that the horn-like protrusions may be 
formed on both edges of the pattern polysilicon region 
producing a dual emitter structure. Such a structure 
decreases the spacing requirements of the device. doubles 
the emission density and increases the packing density of the 
vacuum microelectronic devices. 

According to another aspect of the invention. an improved 
method of control grid formation is disclosed. The control 
grid is formed by deposition of a second. relatively thin layer 
of polysilicon which like the ?rst polysilicon layer. can be 
patterned and silicided in conjunction with the refractory 
metal. This patterned layer may also extend away from the 
device region to form an interconnect layer. Apertures are 
formed in the control grid by a thin photoresist breakage 
process. The photoresist breakage process dispenses a low 
viscosity resist on the substrate and spins the resist to a 
thickness of a few thousand angstroms. The thin resist 
breaks over the steep exposed topological edges of the 
second insulating layer. The resultant width of the resist 
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break (and ultimately the width of the grid aperture) is 
controlled by the resist thickness. In turn the resist thickness 
is controlled by the viscosity of the resist. the spin speed. 
time of spin and the etchback process. 

According to another aspect of the invention. an improved 
method of anode formation is disclosed. The plate or anode. 
is formed by patterning a third layer of doped polysilicon 
directly over the grid aperture and emitter regions of the 
device. A layer of a sacrificial oxide is deposited. patterned 
and selectively etched away from the emitter-anode region 
by a controlled undercutting etch. The controlled etch forms 
a void reg'on between the emitter (?rst polysilicon layer) 
and anode (third polysilicon layer). 
An overall method of forming a triode vacuum micro 

electronic device is also provided. The method includes the 
steps of forming an oxide layer over the doped silicon 
substrate; implanting and annealing dopants into a ?rst 
deposited polysilicon layer; masking and etching the ?rst 
polysilicon layer to form an emitter region; oxidizing the 
polysilicon to form a horn-like protrusion on the emitter 
edge; implanting and annealing a dopant into a second 
polysilicon layer; etching the second polysilicon layer; oxi 
dizing the second polysilicon layer; applying. soft-baking 
and developing back a thin resist; masking and etching a grid 
aperture; depositing a sacri?cial oxide; masking and etching 
a cavity region; depositing. masking. and etching a third 
polysilicon region to form an anode; annealing dopants into 
a third polysilicon layer structure; depositing a phosphosili 
cate glass to enclose the triode structure. 
A further understanding of the nature and advantage of the 

inventions herein may be realized by reference to the 
remaining portions of the speci?cation and the attached 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a layout of a vacuum microelectronic device 
having a triode structure according to the present invention; 
and 

FIGS. 2A-O illustrates the fabrication of a vacuum 
microelectronic device having a triode structure. the fabri 
cation steps shown are a cross-sectional view along the 
A—A cross-section of the layout of FIG. 1; and 

FIG. 3 is a cross-sectional view along the B——B' axis of 
the vacuum microelectronic device layout shown in FIG. 1. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

FIG. 1 is a layout of a vacuum microelectronic device 
having a triode structure according to the present invention. 
The layout shows a ?rst polysilicon layer 214 forming the 
emitter of the device. a second polysilicon layer 222 forming 
the control grid of the device. and a third polysilicon layer 
236 forming the device anode. An opening 233 is a grid 
aperture in the control grid. While a single device is 
illustrated. it will be apparent that many such devices will be 
fabricated in a substrate. 

The device operates by applying potential between the 
anode and the cathode so that the electric ?eld points toward 
the cathode (anode positive with respect to the cathode). By 
virtue of the geometric rounding of the cathode. the electric 
?eld lines tend to converge at the cathode tip. Typically the 
?eld at the cathode sm‘face reaches values exceeding 5x107 
volts/cm. At this electric ?eld value. electrons tunnel out of 
the emitter surface towards the underside of the anode 
according to the Fowler-Nordheim relationship 
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where J is the emission current density. E is the electric ?eld. 
(¢) is the emitter work function. and A and B are constants. 
A secondary ?eld which directly in?uences the net ?eld. is 
produced by a separate potential applied to the grid. This 
potential in?uences the cathode-anode current enabling a 
modulation of the flow of electrons between the cathode and 
anode. In this way the device can function as an ampli?er or 
a switch. Because of the vacuum media. the transit time for 
an electron is at least an order of magnitude smaller than that 
of a solid state device having similar dimensions. 
FIGS. 2A-L illustrates the fabrication steps of a vacuum 

microelectronic device having a triode structure. The 
vacuum microelectronic devices are fabricated on a silicon 
substrate 210. The substrate is typically an n-type substrate 
having a dopant concentration in the general range of 
l0mlcrn3 in one par1icular embodiment. 
FIG. 2A is a cross-section after a thick oxide is formed on 

the silicon substrate 210. A thick oxide layer 212 provides 
electrical isolation between adjacent vacuum microelectron 
ics devices. The oxide layer 212 is deposited or grown by 
conventional fabrication techniques. The oxide thickness is 
typically in the range of 10.000—20.000 A. A ground contact 
(not shown) may be patterned and etched according to 
standard photolithographic techniques after oxide layer 212 
formation. 

FIG. 2B illustrates the device cross-section after forma 
tion of a patterned polycrystalline silicon layer 214. The 
layer of polycrystalline silicon 214. henceforth called 
polysilicon. shown in FIG. 2B is deposited over the thick 
substrate oxide 212 using conventional low pressure chemi 
cal vapor deposition. henceforth called LPCVD. The thick 
ness of the ?rst polysilicon layer is approximately 5.000 A 
in one embodiment. 

After polysilicon deposition. the ?rst polysilicon layer 
212 is doped with an n type ' urity to an impurity 
concentration of approximately 101 lcm2 in one preferred 
embodiment. The dopant concentration is accomplished 
typically either by ion implantation or by employing a 
standard furnace predeposition process. To evenly distribute 
the impurity concentration in the polysilicon layer to facili 
tate uniform etching of the polysilicon layer. a furnace 
anneal in a 5% oxygen/nitrogen or argon ambient is carried 
out at l.000° C. for approximately 30 minutes. The resultant 
polysilicon resistivity has a resistivity in the range of 100 to 
500 ohms per square. The polysilicon layer 214 is then 
patterned and etched using conventional photolithographic 
techniques to form the structure shown in FIG. 2B. 

According to one embodiment. silicide is formed on the 
doped ?rst polysilicon layer 214. Silicide is formed by 
depositing a suitable refractory metal such as tantalum. 
tungsten. or titanium to a thickness of approximately 1.000 
A. The refractory metal is typically deposited by sputtering 
or LPCVD deposition. After deposition of the refractory 
metal. a furnace anneal occurs. Adequate silicidation of the 
polysilicon is accomplished by extending the furnace anneal 
time from approximately 30 minutes to approximately 60 
minutes. Silicide formation is desirable since it lowers the 
interconnect resistance and improves device performance. 
With decreased interconnect resistance. device switching 
time is decreased and the upper limit of emitter injected 
current is increased since the refractory metal tends to 
concentrate in the emitter tip region after oxidation. After 
silicide formation. unreacted refractory metal is removed 
from the oxide. 
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Following the patterning. etch. and resist removal steps to 
form a the polysilicon layer 214 shown in FIG. 2B. an 
oxidation step occurs. The polysilicon layer 214 is subjected 
to a wet or dry oxidizing ambient typically between the 
temperatures of 800°—1.000° C. after full silicidation is 
complete. This oxidation process typically grows a thermal 
oxide layer 216 having a thickness of between 500—1.000 A. 
The oxidation step shown in FIG. 2C achieves two purposes. 
First. the oxidation layer 216 provides electrical isolation for 
the ?rst polysilicon layer 214. Second. the oxidation step 
results in the formation of the emitt? “horns” on the upper 
edges of the polysilicon layer 214. By “horns” it is intended 
to mean a structure such as described on pages 48-58 of the 
book "Transmission Electron Microscopy of Silicon VLSI 
Circuits and Structures” by R. B. Marcus and T. T. Sheng. 
The “horn” structure include a base. The horn structure 
decreases in radius until terminating at a tip. The decrease in 
radius occurs along an axis through the tip of the structure. 

FIG. 2C is a cross-section of the invention after emitter 
formation. It is well known that the oxidation rate of silicon 
at external or internal corners is lower than the oxidation rate 
over a planar silicon surface. For oxidation of polysilicon 
having a light to moderate dopant concentration. the oxida 
tion rate is lower on the corner regions than on the imme 
diately adjacent sides. Thus as oxidation progresses. more 
silicon is consumed on the sides 218 of the polysilicon 
region 214 then on the corners 220. Using a transmission 
electron microscope. these horn formations or protrusions 
have been measured to have a tip radii of approximately 50 
A. This is at least an order of magnitude smaller than other 
reported emitter tip radii in other currently reported micro 
electronic vacuum devices using sputtering as a means of 
emitter formation. 
An optional dipback and second oxide edge formation 

step may follow the ?rst edge oxidation step shown in FIG. 
2C. The dipback etch typically applies a 10:1 hydro?uoric 
(HF) acid solution to the structure shown in FIG. 2C. etching 
away approximately 250 A-500 A of oxide. preferably 
about 500 A. The dipback step is followed by a second edge 
oxidation step. The oxide layer is subjected to a wet or dry 
oxidizing ambient typically between 900°-l.000° C. The 
second edge oxidation step typically resets the thickness of 
the oxide layer 216 back to 500 lit-1000 A. The additional 
dipback and second edge oxidation step result in sharper 
horn formations to decrease the emitter tip radii. 

FIGS. 2D and 2B show an alternate embodiment for 
formation of the horn regions of the emitter. Instead of 
forming the horn regions from an etched polysilicon region 
214. the horn regions of the emitter are formed from an 
etched region of a silicon substrate 219. FIG. 2D shows the 
silicon substrate 219 after a mask. etch and resist removal 
step. The silicon substrate 219 may be doped before or after 
the aforementioned steps to improve the conductivity of the 
silicon substrate. After masking the silicon substrate. an etch 
is performed into the silicon substrate. leaving the structure 
shown in FIG. 213. After removal of the silicon substrate an 
oxidation step follows. As previously discussed with respect 
to the polysilicon structure shown in FIGS. 2B and 2C. the 
oxidation step will form horn-like structures on the corners 
221 of the silicon substrate 219 since the oxidation rate is 
lower on the corner regions than the immediately adjacent 
sides. 

FIG. 2F is a cross-section of the invention after formation 
and oxidation of a second polysilicon layer 222. The second 
polysilicon layer 222 is fabricated using standard polysilicon 
deposition techniques. After formation of the polysilicon 
emitter is completed. the second layer of polysilicon 222 is 
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6 
formed on top of the oxide layer 216 as can be seen in FIG. 
2F. The thickness of the second polysilicon layer 222 is 
thinner than the ?rst polysilicon layer 214. typically in the 
range of 1.000-3.000 A. preferably about 1.500 A. The 
second polysilicon layer 222 functions as the control grid of 
the device. In addition. the second polysilicon layer 222 may 
also be used to interconnect di?ierent devices on the sub 
strate. 
The second polysilicon layer 222 or grid polysilicon is 

subsequently doped with an n-type impurity such as arsenic 
or phosphorous to a dopant concentration of about 1x102O to 
5X102O. preferably about 5x102‘). The doping of the n-type 
concentration may be accomplished either in a diffusion 
furnace or by ion implantation. To evenly distribute the 
impurity concentration in polysilicon layer 222. a furnace 
anneal in a 5% oxygen/nitrogen or argon ambient is per 
formed. A low polysilicon sheet resistance between 30-150 
ohms is typical. Also in a process similar to formation of the 
?rst polysilicon layer. a silicide may be formed on the 
second polysilicon layer. 

Following the patterning etch and resist removal steps. 
oxidation of the second polysilicon layer 222 occurs. During 
oxidation. an oxide layer having a thickness of between 
SOD-1.000 A. preferably 1.000 A is grown over the second 
polysilicon layer 222. Typically the oxidation of the second 
polysilicon layer 22 occurs in a standard oxidation furnace 
at a temperature of l.000° C. in a wet or dry 02 ambient. The 
thermal oxide layer 224 surrounds the second polysilicon 
layer 222 and electrically isolates the second polysilicon 
layer 222 from contact with adjacent conductive layers. 

After formation of the second oxide layer 224. an aperture 
226 is formed in the oxide layer 224. the second polysilicon 
layer 222 and the ?rst oxide layer 216 in order to expose the 
hornlike emitter tip 220 at the corner of the ?rst polysilicon 
layer 214. The steps showing grid aperture formation are 
seen in FIGS. 26 and 2H. The ?rst step in grid aperture 
fonnation is the deposit of a very thin layer of a low 
viscosity positive photoresist 228. The photoresist 228 is 
dispensed and spun to a thickness of approximately 3.000 A. 
Because of the height and sharpness of the pro?le at the 
exposed corner 230 of the oxide layer 224. the resist 
thickness is much thinner at the exposed corner 230 typi 
cally between 0- 1.000 A. A standard “soft” bake procedure 
follows the thin resist deposition in order to stabilize the 
resist layer. 

After the thin resist deposition and soft bake steps. a 
controlled etchback of the thin ?lm resist layer 228 is 
performed to facilitate the complete removal of the resist 
228 at the corners 230. The etchback time. developer 
temperature. and chemical concentrations are carefully con 
trolled during this procedure to remove a limited amount of 
photoresist. The amount of resist removal at the exposed 
corner 230 determines the size of the polysilicon grid 
aperture width. 

After the thin resist layer 228 is thinned su?ciently to 
open at the oxide corner regions 230. a standard hard bake 
procedure follows to further stabilize the resist layer 228. 
After the hard bake process an additional layer of positive 
photoresist 231 is deposited directly over the thin resist layer 
228. The additional photoresist layer 231 has a standard 
thickness and is exposed to a grid aperture mask 233 
according to standard photolithographic techniques. The 
photo mask 23 opens the active areas of the triode device 
structure. All other areas of the structure are protected by the 
photoresist layer 231. 

After the photoresist deposition steps shown in FIG. 2G. 
a grid etch occurs. The device structure illustrated in FIG. 
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2H shows the device after the grid etch process. FIG. 21 
shows a perspective view of the device after the grid etch. 
The grid etch step may be accomplished using either wet 
chemical or dry plasma processing techniques. First. the 
second oxide layer 224 is etched away using a dilute acid 
such as 10:1 hydro?uoric acid (HF). until the second poly 
silicon layer 222 is exposed. The acid is allowed to continue 
to etch for an additional preset time in order to undercut the 
overlying resist and determine the aperture width 232 as 
seen in FIG. 2J. Typical total etch times in 10:1 HF will be 
between 30 seconds to 5 minutes depending on the oxide 
thiclmess and the amount of undercut required. FIG. 2] 
shows an enlarged view of the grid aperture as seen in FIG. 
2H. In the embodiment shown in FIG. 2]. the grid aperture 
232 is self aligned with the emitter corner 220. 

After etching of the oxide layer 224. the second polysili 
con layer 222 is etched in a polysilicon etchant such as 
potassium hydroxide (KOH) which has a high selectivity 
against thermal oxide. This is important so that the under 
lying oxide layer 216 on the emitter tip is not penetrated and 
the tip subsequently destroyed The second layer of poly 
silicon 222 is etched until the underlying ?rst oxide layer 
216 is exposed. A ?nal etch procedure. typically using dilute 
hydro?uoric acid. removes the ?rst oxide layer until at least 
reaching the ?rst polysilicon layer 214. This etch is con 
trolled using standard procedures to expose a certain preset 
amount of the polysilicon one emitter tip 220. In 10:1 HF. 
the etch time is between 30 seconds and 2 minutes. 
Typically. after each wet etch process described above. the 
substrates are rinsed in deionized water to allow the subse 
quent etch processes to proceed without contamination from 
the previous etch process. The three aforementioned etch 
processes can also be accomplished using any combination 
of wet chemical or dry plasma processing techniques. 

Since the areas which are not part of the grid aperture are 
protected by the photoresist layer 231. the grid etch proce 
dure can be initiated. It should be noted here that FIGS. 2G 
and 211 show only one corner 230 exposed to form a single 
emitter device structure. The processing steps can be easily 
changed to accommodate a dual emitter structure where both 
corners of the ?rst polysilicon layer 214 form active regions 
of the structure. FIG. 2K is a cross-sectional view of a dual 
emitter microtriode device. This approach has the advantage 
of increasing the density of the vacuum microelectronic 
devices and at this time is seen as being the preferred 
embodiment of the invention. 

After the grid aperture formation shown in FIGS. ZG-ZL 
a sacri?cial oxide layer 234 as shown in FIG. 2L is depos 
ited. FIG. 2L is a cross-sectional view of the device after 
deposition of the sacri?cial oxide. FIG. 2M is a perspective 
view of the device after deposition of the sacri?cial oxide. 
The sacri?cial oxide may be deposited using either APCVD 
or LPCVD methods to a thickness of between SOD-10,000 
A. The thickness of the sacri?cial oxide layer 234 deter 
mines the spacing between the emitter and cathode and 
anode. In order to achieve certain etch rates. and confor 
mality of deposition. the sacri?cial oxide 234 may be doped 
with an n type dopant such as phosphorous or boron to a 
level between 0 and 8% by weight. After formation of oxide 
layer 234. the oxide layer is patterned according to standard 
photolithography techniques to form the structure as shown 
in FIGS. 1 and 2L. 

After the masking and etching of the sacri?cial oxide 
layer 234. a third polysilicon layer 236 (shown in FIG. 2N) 
is deposited. The polysilicon layer 236 is typically deposited 
using LPCVD to form a layer having a thickness of approxi 
mately 5.000 A. This polysilicon layer 236 forms the anode 
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8 
structure of the microtriode device and corresponding inter 
connect. The polysilicon anode 236 is self aligned with the 
cavity region 238. 
The third polysilicon layer 236 may be doped in a manner 

similar to the ?rst or second polysilicon layers. A sheet 
resistance of between 15-75 ohms per square is typical. In 
addition. a silicide may be formed on the third polysilicon 
layer as described earlier in reference to the ?rst and second 
polysilicon layers. in order to achieve lower resistivity. The 
polysilicon anode is subsequently processed using photoli 
thography techniques to form the structure shown in the 
layout illustrated in FIG. 1. 

FIG. 20 shows a perspective view of the cross-sectional 
view of the device seen in FIG. 2N. A cavity region 238 must 
be formed in order for electrons to ?ow from the emitter tip 
220 to the anode 236. The cavity region 238 is typically 
formed by applying a dilute hydro?uoric acid or similar 
etchant from the sides and underneath the third polysilicon 
layer 236. FIG. 20 more clearly shows cavity formation 
during an undercutting etch around the sides and underneath 
the third polysilicon layer 236. The characteristics of the 
etch procedure must be chosen so that the thermal oxide 
layers 224 and 216 are not signi?cantly etched away during 
the sacri?cial oxide undercutting etch. Because the sacri? 
cial oxide 234 is of relatively low density or is doped with 
a high impurity concentration. its relative etch rate compared 
to the oxide regions 22A and 216 is very high. Typically the 
sacri?cial oxide will etch at a rate of 10 times that of the 
oxide in oxide layers 224 and 226. 

After removal of the sacri?cial oxide 234 a cavity region 
238 which houses the active regions of the vacuum microt 
riode elements exists under the third polysilicon layer 236. 
After the cavity is formed. a layer of phosphosilicate glass 
:40. approximately sow-20.000 A thick is deposited by 
APCVD or LPCVD sealing the entire structure along the 
sides and the top. Prior to the LPCVD deposition. the pump 
down inside the deposition chamber (approximately 10-100 
millitorr) creates an e?ective vacuum for triode operation 
prior to the sealing deposition. In the case for APCVD. when 
depositing at 300°-500° C.. an effective partial vacuum is 
created in the triode cavity by virtue of Charles’ law. 
According to Charles’ law. the pressure of a gas in a cooling 
sealed chamber will drop in proportion to the change in 
absolute temperature. Because the emitter-anode spacing is 
on the order of SOD-10.0000 A. the partial vacuum created 
when the sealed structure cools allows the mean free path of 
the electron to be greater than that of the spacing permitting 
e?icient device operation. 

Steps relating to contact. metallization. and passivation 
procedures are not discussed in detail. Standard techniques 
to accomplish these procedures are understood as to com 
plete the structure of the microtriode vacuum device are well 
known to one skilled in the art. 

It is understood that the above description and embodi 
ments described herein are for illustrative purposes only. 
Many variations of the invention will become apparent to 
those of skill in the art upon review of this upon disclosure. 
Merely by way of an example. particular regions of the 
devices shown herein have been illustrated as being n-type. 
but it will become apparent to those of skill in the art that the 
dopant type may be reversed. Further. while the invention 
has been illustrated with regard to speci?c dopant concen 
trations in some instances. it should also be clear that a wide 
range of dopant concentrations may be used for many of the 
features of the devices herein without departing from the 
scope of the invention herein. In addition. di?‘erent device 
structures may be replaced with their functional equivalents. 
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For example. a polymer such as PMMA or similar com 
pounds commonly used in semiconductor processing. may 
be used in substitution for the oxide layers. 

Further. other microelectrode structures such as diodes. 
tetrodes and pentodes can be formed by modifying the 
aforementioned process. A diode device. comprised of an 
emitter and an anode structure. may be formed by eliminat 
ing the formation of the control grid and its corresponding 
insulating layer. Structures such as tetrodes and pentodes 
can be formed by simply repeating the formation of alter 
nating polysilicon and insulating layers such that the desired 
multielectrode structure is formed. In addition. although the 
aforementioned processes were described using polysilicon 
as a conductive medium. any conductive medium which has 
the capability of growing a high integrity insulating oxide. 
may be used in place of polysilicon. The scope of the 
invention should. therefore. be determined not with refer 
ence to the above description. but instead should be deter 
mined with reference to the appended claims along with 
their full scope of equivalents. 
What is claimed is: 
l. A vacuum microelectronic device comprising: 
(a) a ?rst conductive layer capable of oxide growth. said 

?rst conductive layer having a planar surface extending 
to at least one edge and being oxidized to form at least 
one protrusion extending from said at least one edge 
from said planar surface of said ?rst conductive layer; 

(b) a second conductive layer. said second conductive 
layer forming a cavity region over said protrusion; and 

(c) a ?rst insulating layer between said ?rst and second 
conductive layers. said ?rst insulating layer having an 
opening over said at least one protrusion. 

2. The device as recited in claim 1 further comprising. a 
third conductive layer between said ?rst insulating layer and 
said second conductive layer. said third conductive layer 
including an opening over said at least one protrusion. and 
a second insulating layer between said second and third 
conductive layers, said second insulating layer having an 
opening over said at least one protrusion. 

3. The device as recited in claim 2 wherein said protrusion 
is an emitter. 
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4. The device as recited in claim 3 wherein an electric 

?eld present on a surface of said emitter surface is respon 
sive to an electric ?eld applied to said third conductive layer. 

5. The device as recited in claim 4 wherein said second 
conductive layer is an anode. wherein responsive to an 
electric ?eld applied to said emitter a ?ow of electrons is 
directed from said emitter towards an under lying surface of 
said anode. 

6. The device as recited in claim 2 wherein said ?rst. 
second. and third conductive layers are selectively contacted 
electrically. 

7. The device as recited in claim 3 wherein two protru 
sions extend from said ?rst conductive layer. 

8. The device as recited in claim 1 wherein said ?rst 
conductive layer is polysilicon. 

9. A vacuum microelectronic device comprising: 
a substrate; 
a ?rst conductive layer de?ned overlying said substrate 
and capable of oxide growth. said ?rst conductive layer 
having a planar surface extending to at least one edge 
and being oxidized to form at least one protrusion 
extending from said at least one edge of said conduc 
tive layer; 

a second conductive layer. said second conductive layer 
forming a cavity region over said protrusion; and 

a ?rst insulating layer between said ?rst and second 
conductive layers. said ?rst insulating layer having an 
opening over said at least one protrusion. 

10. The device of claim 9 wherein said ?rst conductive 
layer is a polysilicon layer. 

11. The device of claim 9 wherein said second conductive 
layer is a polysilicon layer. 

12. The device of claim 9 wherein said ?rst insulating 
layer is an oxide layer. 

13. The device of claim 9 wherein said ?rst conductive 
layer further comprises a second edge having a protrusion 
extending from said second edge. 

14. The device of claim 9 wherein said substrate com 
prises an oxide layer overlying said substrate. 

15. The device of claim 9 wherein said substrate com 
prises a conductive layer overlying said oxide layer. 

* * * * * 


